Background This study examines substance use disparities among homosexual, bisexual and heterosexual adolescents and young adults from nine countries.
Introduction
Lesbians, gays and bisexuals (sexual minority identities) experience worse health outcomes than their heterosexual counterparts. 1 Research to date on the health of sexual minority identities is still limited and has mainly focussed on the sexual health of gay and bisexual men. 2, 3 Several studies have reported that both adults and adolescents with sexual minority identities are at greater risk for substance use than their heterosexual counterparts. [4] [5] [6] Evidence suggests that these differences may have origins in adolescence as a result of identity issues and marginalization. 4, 7 Past research shows alarmingly high rates of substance use, an earlier age of onset and lower abstention rates among individuals with a sexual minority identity for tobacco, 4, 5, 8, 9 alcohol 4,10-12 and illicit substances. 4, 13 In a systematic review of 14 studies, Marshal et al. 4 reported the odds of recent and lifetime illicit substance use were 3.1 and 4.4 times higher for adolescents with a sexual minority identity relative to heterosexuals. However, the majority of research to date has been conducted in the USA, limiting the generalizability of results. This is important as cultural norms and attitudes towards both substances and sexual minority identities vary Similarly, studies show varying attitudes towards minority sexual identities with societies in countries such as the Netherlands or Germany being considerably more accepting of homosexuality than countries such as the USA or Brazil. 16 Female gender has been identified as a key protective factor of substance use among emerging adults. 17 While sexual minority communities have shown to be influenced to a lesser extent by societal gender norms and stereotypes, 18, 19 the impact of gender on substance use among this population is yet to be examined.
Previous research has also tended to aggregate all sexual minority identities into a single group without testing for potential differences. 7, [20] [21] [22] This is problematic as studies have shown bisexuals are more vulnerable to minority stress than gays and lesbians, [23] [24] [25] which may increase their substance use risk. Consistent with this notion, recent studies have reported that bisexuals are at greater risk of substance use than their gay/lesbian counterparts. 4, 10, 26 This paper uses multi-country data on the use of 13 substances among adolescents and young adults from nine countries (Australia, Brazil, France, Germany, Hungary, Netherlands, Switzerland, UK and the USA) to determine (I) if the age of onset, lifetime, past year and past month substance use of sexual minority versus sexual majority adolescents and young adults differ; (II) which sexual minority group is more vulnerable to substance use and (III) if female gender is a protective factor from substance use in sexual minority groups. It was hypothesized that sexual minority adolescents and young adults have higher rates of substance use, that bisexuals are at greater risk of substance use, and that female gender is less protective in sexual minority groups.
Methods

Design
Data from the 2015 Global Drug Survey (GDS), conducted between 11 November 2014 and 03 January 2015, were utilized for this analysis. The GDS uses a nonprobability sampling strategy to conduct the world's largest anonymous, online-based and self-administered substance use survey. GDS is available in 10 different languages to all potential participants regardless of location. Global social media platforms and media partners in 19 countries were used to recruit participants. Recruitment efforts concentrated on industrialized and developed countries due to language limitations reduced access to appropriate Internet connections and difficulties finding suitable media partners to promote the survey in the developing world. 
Variables
This analysis includes data on 13 different substances: Alcohol, Tobacco, THC (Cannabis), MDMA (Ecstasy), Cocaine, Amphetamines, Magic Mushrooms, LSD (Acid), Poppers (Amyl Nitrite), Ketamine, Methamphetamine, Mephedrone and GHB. Other substances assessed by the GDS such as heroin or injecting drug use were excluded from this analysis due to very low lifetime prevalence rates. Participants were asked about their use of each substance (yes/no) in their lifetime, last year and last month, as well as age of onset. Other variables included in this analysis were ethnicity, employment and study status, geographical area, gender and age (see Table 1 ). The variable 'employment status' only represents respondents who indicated 'looking for work. Data from the Alcohol Use Disorders Identification Test (AUDIT) were also analysed, which provides a score (range: 0-40) and has shown to be a valid and reliable measurement of hazardous and/or harmful alcohol use at a cut-off of 15.
27
Responses and analysis A total of 101 311 survey responses were submitted from participants in 164 countries. After preparing the data, 3456 records were excluded due to data capture glitches, duplicate entries, missing data on key variables (age, sex and drug screen items) and the reporting of using a fake drug (Xenrap). Only 29 countries had survey data from 100 or more respondents. The majority of countries (n = 131) had 10 or less participants identifying with a sexual minority orientation. Data from participants aged 16-35 years from countries with at least 100 bisexual and 100 homosexual participants were included in the analysis. Participants who did not provide data on sexual orientation, gender or country were excluded.
Chi-square (χ²) analyses, Z-tests, and Fisher's Exact Tests were applied to categorical variables; analysis of variance (ANOVA), Kruskal-Wallis H Test, Mann-Whitney Test and Tukey's HSD were applied to compare continuous variables. Binary logistic regressions were conducted to calculate odds ratios (ORs) of lifetime substance use (presence or absence) among homosexuals and bisexuals, relative to heterosexuals (reference group). Analyses were conducted for males and females separately. Minority sexual status (homosexual, bisexual and heterosexual) and demographic variables that have been found to influence substance use in previous research (country 
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Each superscript letter a,b,c denotes a group that differs significantly from other groups at a level of P < 0.05. *Lifetime use. (25.42 , SD: 5.00/24.54, SD: ± 4.79) than heterosexuals. While these age differences were statistically significant, they are unlikely to be clinically relevant. The vast majority of the sample was heterosexual with more females identifying as non-heterosexual (15.9%) than males (11.7%). Most participants identified as White or Caucasian (90.9%), followed by 'Other' (5.3%), Black (0.9%), Asian (0.9%), Hispanic/Latino (1.9%) and Indigenous (0.2%). Bisexual samples of both genders and homosexual males were more diverse than heterosexual respondents.
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The largest group of responses originated from Germany (40.5%), followed by France (11.1%), the Netherlands (8.7%) and Brazil (8.3%). Respondents from Germany, Hungary and Switzerland were the most likely to identify as heterosexual, and participants from Australia, Brazil and the UK were more likely to identify with a sexual minority identity.
More than half (52.4%) of all participants in the sample were students. Homosexual males and females were significantly less likely to be students than their heterosexual and bisexual counterparts. While the unemployment rate among respondents was relatively low (6.1%), bisexual participants (Male/Female: 8.4%/7.8%) had significantly higher unemployment rates than either heterosexuals (6.2%/5.3%) or homosexual males (6.0%).
Most participants (78.3%) lived in urban areas. Homosexual males were significantly more likely to live in urban areas (86.4%, P < 0.05) than heterosexual (78.3%) or bisexual males (77.2%). Tables 2 and 3 show the analyses of substance use by sexual orientation for males and females separately Table 4 shows the age of onset for each of the 13 substances by gender and sexual orientation.
Substance use
Alcohol
High levels of lifetime alcohol use were displayed across all sexual identities. Any significant differences were small. There were no significant differences in lifetime and last-year use among male groups. However, a lower percentage of bisexual males had used alcohol in the last month than heterosexual and homosexual males. Similarly, among female groups, significant differences could only be detected for last-month use, with bisexual females using less alcohol than heterosexual females. Differences in ORs for lifetime use were not significant. Table 1 shows the AUDIT median scores for all groups as well as the percentage of participants with an AUDIT score above 15, which is indicative of problematic alcohol use. 27 Females with a sexual minority identity show significantly higher median AUDIT scores as well as significantly higher percentage of participants with a score above 15. Homosexual males showed significantly lower median AUDIT score than heterosexual participants, and bisexual males showed a significantly higher percentage of participants with a score above 15 than their heterosexual and homosexual counterparts.
Tobacco
Bisexual and homosexual females had significantly higher rates of lifetime, last-year and last-month tobacco use than their heterosexual counterparts: bisexual females also showed significantly higher rates of tobacco use than their homosexual counterparts (see Table 3 ). Similarly, bisexual males had consistently higher rates of tobacco use than heterosexual and homosexual males. Rates of tobacco use did not differ between homosexual and heterosexual males (see Table 2 ).
Bisexual males (OR 1.24, 95-%-CI: 1.08-1.41, P = 0.002) and females (OR 2.05, 95-%-CI: 1.83-2.30, P < 0.001) as well as homosexual females (OR 1.42, 95-%-CI: 1.17-1.73, P = 0.001) had significantly higher odds of lifetime tobacco use than their heterosexual counterparts. Absolute values of odds were lower in homosexual than heterosexual males, but not significantly so.
Other substances
Participants with a sexual minority identity generally had higher rates of illicit substance use. A total of 33 analyses (Z-tests) were performed for each minority sexual orientation testing for significant differences in lifetime, 12-month and last-month use of 11 illicit substances. Homosexual males had significantly higher rates in 20 analyses, lower rates in 6 and no significant differences in 7 analyses (Table 2) . Bisexual males had significantly higher rates in 27 analyses, and no significant differences in the remaining 6 analyses. A similar pattern can be observed among the female groups (Table 3) : bisexual females had higher rates in 31 analyses compared to their heterosexual counterparts and no significant differences in 2 analyses. Homosexual females showed significantly higher rates in 16 analyses and, due to large confidence intervals, no significant differences in the remaining 17. In total, heterosexuals had higher rates in 6 (4.5%) out of 132 analyses whereas participants with a minority sexual orientation had significantly higher rates in 94 analyses (71.2%), with no significant differences in the remaining 32 cases (24.2%). Differences between sexual minority identities can also be observed. Homosexual males had significantly higher rates than bisexual males in 13 analyses, lower rates in 11 and no significant differences in 9 analyses. Bisexual females had higher rates than their homosexual counterparts in 14 analyses and no significant differences were detected in the remaining 17 cases.
Regression analyses showed significantly higher ORs of lifetime substance use among bisexuals of both genders for all substances relative to their heterosexual counterparts. Homosexual females also had significantly higher OR values for five substances (THC, MDMA, Cocaine, Amphetamines and Poppers) with all remaining differences being not significant. ORs for homosexual males were significantly lower for three substances (THC, Magic Mushrooms and LSD) and significantly higher for five substances (Poppers, Ketamine, Methamphetamine, Mephedrone and GHB), with no significant differences for the remaining three substances (MDMA, Cocaine and Methamphetamine).
A further look at the ORs for lifetime use of other substances (see Tables 2 and 3) shows that the ORs of bisexual females (with heterosexual females as the reference group) are higher for all substances than those of bisexual males (with heterosexual males as the reference group), except for Poppers. Differences in ORs between homosexual males and homosexual females show that females have a higher OR for six substances (THC, MDMA, Cocaine, Amphetamines, Magic Mushrooms and LSD) and lower ORs for five substances (Poppers, Ketamine, Methamphetamine, Mephedrone and GHB).
Age of onset Differences in age of onset were generally small and not clinically relevant (see Table 4 ). Bisexual females had an earlier age of onset for nine substances compared with heterosexual females, and a significantly lower age of onset than homosexual females for four substances. Homosexual females showed an earlier age of onset than heterosexual females for only two substances. In contrast, homosexual males had a consistently older age of onset for all substances than both heterosexual and bisexual males. Absolute values of bisexual males for age of onset were lower for most substances compared to heterosexual males, but these differences were significant for only four substances.
Discussion
Main findings of this study Previous research has highlighted the high rates of substance use among people with a sexual minority identity. [33] [34] [35] In the current study, GDS respondents from nine countries who had a sexual minority identity had significantly higher rates of lifetime, 12-month and past-month substance use than heterosexuals on all 11 illicit substances that were examined. Few differences between homosexuals, bisexuals or heterosexuals were found on alcohol or tobacco use. This is not surprising, as these are the most commonly consumed substances in the general population worldwide, 36 indicating that there is unlikely to be much variability in their use in population subgroups. Potential differences between groups may be detectable using data on the quantity of use of these substances.
Bisexuals across both genders had higher ORs of lifetime, 12-month and past-month use compared to heterosexuals. While some disparities between homosexual and heterosexual males were found, these were considerably lower than for all other sexual minority identities. Few differences in age of onset of substance use were found and were generally too small to be clinically relevant. Differences between female groups tended to be higher than differences between male groups of different sexual orientations.
What is already known on this topic
Past research has already highlighted differences in substance use between individuals with a sexual minority identity and heterosexuals including higher rates of licit and illicit substance use as well as an earlier age of onset of substance use. 4, 5, [8] [9] [10] 12, [33] [34] [35] 37 Higher rates of substance use for bisexuals compared with homosexuals have also been reported, as well as larger disparities among females groups. 4 However, the majority of previous research has not examined whether substance use differs between individual sexual minority identities and across gender.
What this study adds
This study identified discrepant rates of illicit substance use between heterosexuals and those with a minority sexual identity on all 11 illicit substances examined. Bisexuals of both genders had the highest rates of substance use. These results are highly consistent with previous research conducted in the USA and other English-speaking countries, in a multi-country sample of 58 963 adolescents and young adults from nine countries. 4 The current analysis showed that disparities in substance use between sexual minority adolescents and young adults, and their heterosexual counterparts identified in previous research, persisted across multiple countries and across all 11 illicit substances examined. Future research is required to identify risk and protective factors for substance use among sexual minority adolescents and young adults, and whether they differ from their heterosexual counterparts. Regardless, the high rates of substance use in this population highlight the need for specific public health campaigns and interventions targeting this high risk group. Bisexuals appear to be the most vulnerable of all sexual minority groups, highlighting the need for clinicians and researchers to focus on increasing our understanding of why this particular sexual minority identity is at most risk.
Research into substance use and prevention in the LGBT community often focusses on gay males due to their higher rates of substance use and perceived higher risk taking behaviours. Our results suggest that it is also important to increase our understanding of substance use in sexual minority females, as female gender does not appear to be a protective factor in these groups.
Limitations of this study
Participants in this study were self-enrolled and recruited via online and print media, most media partners could be categorized as 'liberal'. Comparisons between sexual identity subgroups may have been heavily influenced by the large number of German respondents. Future research should attempt to derive samples that are more evenly distributed between countries. Furthermore, this analysis does not include any African or Asian countries or low-income countries, where attitudes towards substance use and sexual minority identities may differ markedly from the countries in the sample. Participants in this study were also more likely to be students, and less likely to be unemployed than the general population of many of the countries included, which also limits confidence in the generalizability of results. However, differences in key characteristics between age groups were taken into account for calculating ORs for lifetime substance use. It is likely that the name of the research project (Global Drug Survey) may have attracted substance users and deterred other participants, inflating the rates of substance use that were observed. In addition, sample sizes were too small for some sub-group analyses, especially among females and some illicit substances.
